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Abstract - Increasing evidence suggests that patients with medical emergencies are avoiding the emergency department 
because of fear of coronavirus disease 2019 (COVID-19) infection, leading to increased morbidity and mortality due to 
other diseases. In order to analyse the impact of patient’s fear of COVID-19 on the admittance rate of stroke patients and 
severity of neurological diseases, we compared the stroke admittance rate, numbers of thrombectomies and thromboly-
sis and hospitalization refusal rate during the time period from March 1st until June 30th 2020 in temporal relationship 
with the rising numbers of COVID-19 cases in Croatia. We assessed the patients’ neurologic disease severity measured 
by ventilation time and mortality rate in the same time period. We compared the data with the data obtained from the 
same time period in 2019. We observed dramatically decreased presentation in Neurologic Emergency Department due 
to stroke and neurologic disease in 2020 compared to 2019, increased refused hospitalization rate and similar stroke 
treatment rate despite bigger catchment area. Greater neurologic disease severity with almost 40% increased ventilation 
time and double mortality rate during the same time was observed. During the outbreak of COVID-19 epidemic, fear of 
infection had significant impact on neurologic service leading to decreased presentation to NED, resulting in increased 
stroke or neurologic disease-related morbidity and mortality.
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Introduction
During the outbreak of  coronavirus dis-
ease 2019 (COVID-19), the World Health 
Organization recommended measures to 
mitigate the outbreak and reduce COVID-19 
deaths, such as social distancing and confine-
ment. However, after introduction of  these 
measures, reports describe a dramatic decrease 
in the number of  emergency department (ED) 
visits [1,2], alarming indicators of  lengthened 
care delays [3] resulting in reduction of  endo-
vascular therapy (EVT) treatments for acute 
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ischemic stroke due to large vessel occlusion, 
greater stroke-related morbidity and mortal-
ity [4-6], and increased emergency medicine 
service (EMS) reports of  cardiac arrests [1]. 
These patients were declared dead and were 
not taken to emergency department. It was 
presumed that patients were waiting too long 
before seeking emergency care, and all tested 
negative for COVID-19.
Although the COVID-19 death rate 
seemed to be an accurate measure of  the pan-
demic’s worst outcome, it seems that pandem-
ics effect other outcomes measured by greater 
disease severity, under-treatment or morbid-
ity or mortality related to other diseases, have 
been underestimated in consequences of  the 
pandemic [7]. Other diseases could claim lives 
indirectly through delayed care for other emer-
gencies, exacerbations of  chronic diseases, 
and psychological distress [7]. Therefore, the 
number of  deaths attributed to COVID-19 in 
official reports is probably an underestimate 
of  the deaths caused by COVID-19 pandemic, 
since statistics don’t incorporate deaths indi-
rectly attributable to the virus and the mea-
sured used to contain it [7].
After the Croatian Ministry of  Health de-
clared the COVID-19 epidemic in Croatia on 
March 11th 2020, the health system, healthcare 
professionals and resources were focused on the 
fight against COVID-19. Establishments were 
set up, such as respiratory centres and addition-
al facilities for the care of  patients with COV-
ID-19 including Infectious Diseases Clinic “Dr 
Fran Mihaljević” and UH Dubrava in Zagreb. 
Other facilities were set up for the cares of  pa-
tients with acute neurological diseases and con-
ditions, such as stroke. In Zagreb, UHC Sestre 
Milosrdnice, and UHC Zagreb enables compre-
hensive stroke care, and therefore were set up 
for the care of  acute neurological diseases and 
conditions, such as stroke. Patients with severe 
infections of  the central nervous system or with 
other neurologic diseases, who were not cured 
during hospitalization before pandemic out-
break and required further hospitalization from 
Infectious Disease Clinic or UH Dubrava were 
transferred to UHC Zagreb and UHC Sestre 
milosrdnice. Neurologic patients from previous 
catchment area of  UH Dubrava were referred 
to UHC Zagreb and UHC Sestre Milosrdnice 
during the epidemic. These two centres also ac-
cepted patients for mechanical thrombectomy 
in “Drip and Ship” approach from other hospi-
tals according to the stroke network
The aim of  this report is to present the dif-
ference of  the admittance/refusal rate of  hos-
pitalization for stroke and neurologic disease, 
thrombolysis and thrombectomy rate dur-
ing time period from March 1st until June 30th 
2020 in temporal relationship with the rising 
numbers of  COVID-19 cases in Croatia, and 
in comparison, with the same calendar time pe-
riod in 2019. We also compared the severity of  
neurologic diseases measured by length of  ven-
tilation time and mortality rate in the same cal-
endar time period.
Subjects and Methods
Hospital information system was used to as-
sess numbers of  daily neurologic emergency visits 
between March 1st and June 30th 2020. Daily num-
bers of  emergency admission to the Department 
of  Neurology were counted. Daily refusals of  
emergency hospitalization for neurological emer-
gent diagnosis were assessed. Data are presented 
in temporal relationship with the numbers of  new 
COVID-19 cases in Croatia. Data are presented in 
comparison with the data during the same period 
in 2019. 
Numbers of  thrombolysis and thrombectomy 
cases were retrieved from the same time period, 
and expressed as cases per month during the same 
time period in 2020. Data were compared with the 
same period in 2019. 
Neurologic disease severity was measured by 
total hours of  ventilation time, which is record-
ed monthly in the intensive care unit and mortal-
ity rate, during the same time period in 2020, and 
compared with the same time period in 2019.
Data are presented as flow charts and tables. 
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The study was approved by the Ethics Com-
mittee of  UHC Sestre Milosrdnice. 
Results
Croatia issued a nationwide shelter-in-
place order on March 23th, 2020. The volume 
of  patients presenting to the UHC Sestre mi-
losrdnice neurologic emergency department 
(NED) dropped significantly after the shel-
ter-in-place mandate (Figure 1, Figure 2). By 
the first week in April, volume dropped sig-
nificantly.
Despite a bigger catchment area, the num-
bers of  neurologic emergency admittance to 
Neurology Department were similar in March 
and April 2020 compared to the same months 
in 2019 (Figure 1). First, the decrease of  num-
ber of  stroke patients in March 2020 was 
observed, followed by slight increase during 
April 2020 (Table 1). The number of  transient 
ischemic attacks (TIA) patients was lower dur-
Figure 1. Neurologic Emergency Room volume by day and timeline of  key events
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Figure 2. The comparison of  Neurologic Emergency Room volume and admittance rate between 
year 2019 and 2020.
Table 1. The comparison of  the presentation of  stroke patients in Neurologic Emergency Room 






















March 2019 55 5 16 9 4 6
March 2020 42 2 10 6 4 0
April 2019 40 2 17 6 2 4
April 2020 44 4 7 5 4 0
May 2019 43 0 13 7 1 1
May 2020 58 7 8 5 7 0
June 2019 46 0 3 3 2 3
June 2020 39 5 20 15 7 2
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ing March, April and May in 2020 compared 
to the same months in 2019 (Table 1). The 
number of  stroke patients further and signifi-
cantly increased in May 2020 compared to pre-
vious months and compared to the same time 
period in 2019. However, the number of  TIA 
patients started to increase in June 2020, but 
with increased refusal to hospitalization. More 
patients with primary intracerebral haemor-
rhage in year 2020 compared to the previous 
year were observed, especially in May and June 
2020. No patient presented with subarachnoid 
haemorrhage during March, April and May 
2020 and 2 during June 2020. During same 
period in the previous year, 14 patients were 
treated. 
Despite a bigger catchment area in 2020, a 
similar number of  treated stroke patients was 
observed (Table 2) in 2020 compared to 2019. 
Increased neurologic disease severity, es-
timated by length of  ventilation time in year 
2020 compared to the same calendar time in 
2019, was observed (Table 3). Also, an in-
creased number of  deaths were observed in 
2020 compared to the same time period in 
2019 (Table 3). 
Table 2. The comparison of  the number of  actively treated stroke patients between year 2019 and 
2020
Month









March 3 13 5 17
April 3 12 1 9
May 3 17 4 17
June 4 11 3 15
Total 13 53 13 58
Table 3. The comparison of  neurologic disease severity estimated by ventilation time and deaths 
between year 2019 and 2020.
Month









March 1200 3 1067 12
April 1199 4 2577 10
May 1226 8 784 13
June 1275 5 2311 9
Total 4900 20 6739 44
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Discussion 
Despite a bigger catchment area during 
the COVID-19 outbreak, amid the first two 
months of  the outbreak a decreased number 
of  patients presented to NED UHC Sestre 
Milosrdnice was observed in comparison to 
the same calendar time period in year 2019. 
During March 2020, a dramatic drop of  isch-
emic stroke, TIA and patients with subarach-
noid haemorrhage was observed. Most TIA 
patients in March, April and May 2020 refused 
hospitalization compared to the same period 
in 2019. Also, higher rates of  refusal of  hos-
pitalization of  stroke patients during April, 
May and June 2020 was observed compared 
to the same months in 2019. We presumed 
that the reason was fear of  being infected with 
COVID-19, due to ”Emergency visits only“ 
and “Stay at home“ orders had been declared. 
Because significantly increased number of  
patients with primary intracerebral haemor-
rhage, who usually have a more severe clinical 
picture, during all four observed months was 
observed compared to the previous year, we 
presume that even more stroke patients with 
milder strokes stayed at home. In support of  
this speaks a dramatic drop of  patients with 
subarachnoid haemorrhages, since no patients 
with subarachnoid haemorrhage have present-
ed to emergency room neither were referred 
from other facilities during March, April and 
May 2020. We presume that patients with 
milder or isolate subarachnoid symptoms, like 
headache only, were not recognized by patients 
or family doctors and therefore have stayed at 
home. May happen also, that re-rupture of  
aneurysm was fatal, since we didn’t observe 
any of  these patients in NED. Usually, pa-
tients with subarachnoid haemorrhage repre-
sent only minor percentage of  stroke patients 
(about 5%), but it’s unusual that no patient was 
observed during three months despite larger 
catchment area and increased number of  pa-
tients with intracerebral haemorrhage. Patients 
with primary intracerebral haemorrhage and 
severe clinical picture were referred to NED, 
therefore these numbers may serve as a mark-
er of  increased number of  stroke patient vol-
ume corresponding to increased catchment 
area that would normally be referred and ad-
mitted to Neurology clinic. Therefore, we 
can also presume that more ischemic stroke 
patients should have presented to NED, and 
should receive treatment. We have no data of  
those patients that denied referral to hospital 
and died at home. 
A similar dramatic decrease in presenta-
tion of  stroke and other acute cardiovascular 
patients to emergency departments (ED) was 
observed around the world amid COVID-19 
outbreak [9]. Like in stroke patients, it was 
found that large numbers of  patients with 
acute myocardial infarction initially avoided 
hospitalization during the COVID-19 pan-
demic, likely out of  fear of  contracting SARS-
CoV-2 [9]. At the same time, large increases 
in mortality from heart disease (89%), diabe-
tes (96%), Alzheimer disease (64%), and cere-
brovascular diseases (35%) were observed [8]. 
Emergency medical service (EMS) reported 
more cardiac arrests [1], and most of  them 
were declared dead and not taken to ED’s [1]. 
Also, it was observed that most stroke patients 
who arrived to hospitals, arrived too late to 
receive active treatment like thrombolysis or 
thrombectomy [1,3,4,6]. However, we haven’t 
observed decrease in number of  stroke treat-
ment in 2020 compared to 2019, even more 
thrombectomy cases were observed in 2020 
compared to 2019. Therefore, our patients 
haven’t received worse treatment due to in-
hospital stroke service. We can only presume 
that more stroke patients should be referred 
to hospital, and that only more severe cases 
have been presented and received treatment. 
Therefore, the outcome is only the reflection 
of  more severe cases referred, admitted and 
treated in the Neurology Department during 
the outbreak of  the pandemic. In favour of  
this speaks a dramatically decreased volume of  
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NED visits and 50% increased number of  pa-
tients with primary intracerebral haemorrhage 
in 2020 compared to 2019.
In most stroke centres, worse stroke out-
come was reported [4,6]. In a New York study, 
among COVID-19 patients who suffered 
stroke, the rate of  cryptogenic and embolic 
strokes was higher than what is usually seen 
[10]. The New York study also showed that 
strokes in COVID-19 patients were more se-
vere, the death rate was higher, and patients 
were younger than strokes that were not asso-
ciated with COVID-19 [10]. Only one study in 
Denmark showed that patients did not present 
with more severe strokes, nor did the reorgani-
zation of  healthcare systems, which may have 
influenced in hospital treatment delay, have an 
impact on very short-term mortality [11]. This 
study also showed that mortality among pa-
tients admitted with stroke in Denmark, over-
all and according to subtypes, was not signifi-
cantly higher following lockdown compared 
with the preceding years [11]. 
After initial dramatic decreased hospital-
ization rate of  stroke and acute neurologic 
disease, after relaxation of  measures in May 
2020, we observed an increase in hospitaliza-
tion rates and increase in stroke treatment. 
Similar data were observed in myocardial in-
farction service, where at the beginning of  in-
crease in hospitalization rates for acute myo-
cardial infarction was observed, but also did 
the risk of  in-hospital mortality [9] We also 
observed increased stroke severity measured 
by increase in mechanical ventilation time and 
increased mortality rates. More severe cases 
were observed during the pandemic, therefore 
ventilation time during observed four months 
increased for almost 40% and mortality rates 
doubled. Therefore, we presume that milder 
cases of  emergency neurologic patients were 
not referred to, or presented to NED, and only 
more severe cases were admitted to Depart-
ment of  Neurology. Therefore, in hospital 
mortality rates were increased. We do not have 
the data of  mortality of  patients who stayed 
at home. 
Although COVID-19 death rate is reported 
to be an accurate measure of  the pandemic’s 
worst outcome, it seems that the effect of  the 
pandemic on other disease outcomes, mea-
sured by greater disease severity, under treat-
ment or morbidity or mortality related to these 
other diseases, have been underestimated in 
studies that should report the overall conse-
quences of  pandemic [7,8].
Huge collateral damage due to public fear 
of  contracting COVID-19 infection, to acute 
neurologic and stroke patients was present 
during the COVID-19 pandemic outbreak. 
We presume that patients with milder clini-
cal picture decided not to contact the medi-
cal service, or were not recognized as stroke 
patients and not referred to hospital, or that 
have even died at home and not being recog-
nized. We had fewer emergency treatments 
due to lack of  arrival to hospital admissions 
or refusal to hospitalization. We also observed 
greater neurologic disease severity. Greater 
disease severity and worse outcomes contrib-
ute to unmeasurable morbidity and mortality 
that is routinely expressed as an outcome of  
pandemic. Preparedness and innovation in 
health care delivery should be applied amid 
outbreaks in the future.
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Utjecaj straha bolesnika od infekcije COVID-19 na neurološku 
službu u Kliničkom bolničkom centru Sestre Milosrdnice tijekom 
izbijanja epidemije COVID -19
Sažetak - Sve je više dokaza koji upućuje na to da bolesnici s hitnim medicinskim stanjima izbjegavaju hitnu 
službu zbog straha od infekcije koronavirusom 2019 (COVID-19), što dovodi do povećanog morbiditeta i smrt-
nosti od drugih bolesti. Kako bismo analizirali utjecaj straha bolesnika od infekcije COVID-19 na stopu prihvata 
bolesnika s moždanim udarom i težinu neuroloških bolesti, uspoređivali smo stopu prihvata za moždani udar, 
broj trombektomija i trombolize i stopu odbijanja hospitalizacije tijekom razdoblja od 1. ožujka. do 30. lipnja 
2020. u vremenskom odnosu s rastućim brojem slučajeva COVID-19 u Hrvatskoj. Procijenili smo težinu neu-
roloških bolesti mjerom vremena mehaničke ventilacije i stopom smrtnosti u istom razdoblju. Usporedili smo 
podatke s podacima dobivenim iz istog kalendarskog vremenskog razdoblja u 2019. godini. Primijetili smo 
dramatično smanjenje broja pregleda u Hitnoj neurološkoj ambulanti zbog moždanog udara i neuroloških bo-
lesti 2020. godine u odnosu na 2019. godinu, povećanu stopu odbijene hospitalizacije i sličnu stopu liječenja 
moždanog udara usprkos većem pripadajućem teritoriju. Uočili smo veću težinu neuroloških bolesnika mje-
renu gotovo 40 % povećanim vremenom mehaničke ventilacije i udvostručenom stopom smrtnosti u istom 
vremenskom razdoblju. Tijekom izbijanja epidemije COVID-19, strah od infekcije imao je značajan utjecaj na 
neurološku službu, što je dovelo do smanjene prezentacije neuroloških bolesnika u neurološkoj hitnoj služ-
bi, a rezultiralo je povećanim morbiditetom i smrtnošću zbog moždanog udara ili drugih neuroloških bolesti
Ključne riječi: COVID-19; neurologija; moždani udar; strah; trombektomija; tromboliza

